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The production of superheavy A* g (4209) baryon in the K~p —> r/ c A process via s-channel is in¬ 
vestigated with an effective Lagrangian approach and the isobar model. Moreover, the background 
from the K~p —> rj c A reaction through the t-channel with K* exchange and w-channel with nucleon 
exchange are also considered. The numerical results indicate it is feasible to search for the super¬ 
heavy A* g (4209) via I\~p scattering. The relevant calculations not only shed light on the further 
experiment of searching for the A* g (4209) through kaon-induced reaction, but enable us to have a 
better understanding of the exotic baryons. 
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I. INTRODUCTION 

At present, searching and explaining the exotic states 
have becoming a very interesting issue in hadron physics. 
These exotic states are cannot be included in the conven¬ 
tional picture of qqq for baryons and qq for mesons but 
allowed to exist in the particle family when taking into 
account the color and flavor degrees of freedom in quark 
models. 

With the development of experiments, a series of char- 
moniumlike and bottomoniumlike mesons (which were 
named as XYZ states) have been observed jl, 21 ■ Since 
these XYZ mesons definitely cannot be accommodated 
into the frame of conventional charmonium cc states, they 
are considered as the most promising candidate of the 
exotic states. Theoretically, abundant investigation were 
carried out on the nature and production mechanism of 
XYZ states [3-11]. They are interpreted as a tetraquark, 
a hadron molecule or just a cusp effect, etc [3,0. 

In addition, the scientific study of multiquark baryons 
was already in full swing. In the early 1980s, Brodsky et 
al. proposed that there exist a few non-negligible intrin¬ 
sic uudcc components (~ 1%) in the proton [5|. Later, a 
new measurement about parity-violating electron scat¬ 
tering (PVES) at JLab provides a direct evidence for 
the existence of the multiquark components in the pro¬ 
ton |fjJ. Moreover, in order to explain the phenomenon 
that the strong coupling of _/V*(1535) to the final states 
with strangeness and the mass order between TV* (1535) 
and A*(1405) 7, 8|, the pentaquark picture was proposed 
by theorists |8H1C|. which makes that the hidden strange 
TV* (1535) with | uudss) is naturally heavier than the open 
strange A* (1405) with | udsqq). However, due to tunable 
ingredients and possible large mixing of various configu¬ 
rations, none of them can be clearly distinguished from 
the conventional qqq or qq states. A hopeful solution for 
this problem is to extend pentaquark to hidden charm 
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and hidden beauty for baryons. 

In refs. [T3 - tl3j , within the framework of the coupled- 
channel unitary approach with the local hidden gauge 
formalism, several narrow hidden charm TV* g and A* g 
resonances were predicted with mass above 4 GeV and 
width smaller than 100 MeV. Soon after, some hidden 
beauty TV*j and A*^ baryons were also proposed in ref. 
EH. These predicted baryons are dynamically generated 
in the PB and VB channels, where P and V stand for 
the pseudoscalar and vector mesons, respectively EMI. 
In these predicted baryons, the production of TV* (4261) 
resonance by ir~p collision has been studied in our pre¬ 
vious work [15l ] . Besides, one find that the hidden charm 
A* g (4209) and hidden beauty AU(11021) baryons all have 
a large coupling with A'TV (the detailed informations 
about these two resonances are listed in the table I), 
which mean that searching for these superheavy baryons 
via K~p scattering will be feasible and effective. Since 
the a maximum K beam of 20 GeV/c can be produced 
at J-PARC, it allows one to observe the A* g (4209) but 
not for the A*r(11021) states. Thus we only focus on the 
production of A* g (4209) in the present work. 

In this paper, with an effective Lagrangian approach 
and isobar model, we study the role and production of 
A* g (4209) in the K~p —> r/ c A process. Moreover, the 
feasibility of searching for the superheavy A* g (4209) res¬ 
onance is also discussed. It is shown that the J-PARC 
EH] will be an ideal platform for searching for the su¬ 
perheavy A* g (4209) baryon, which will hopefully confirm 
our numerical predictions for A* g (4209) production. 

This paper is organized as follows. After an Introduc¬ 
tion, we will present the formalism and the main ingre¬ 
dients which are used in our calculation. The numerical 
results and discussions are given in Sec. III. Finally, the 
paper ends with a brief summary. 

II. FORMALISM 

In this work, an effective Lagrangian approach and iso¬ 
bar model in terms of hadrons are used in our calculation, 
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TABLE I: Informations of the A* g (4209) and A£ 6 (11021) states from PB —> PB as predicted in refs. EEMi. M, T and Ti 
stand for the mass, total width, and partial decay width, respectively. 



M{ MeV) 

F(MeV) 




Fi(MeV) 






KN 

7 rE 

yA 

y'A 

K E y c A 

VbA 

B s Ab 

A*e(4209) 

4209 

32.4 

15.8 

2.9 

3.2 

1.7 

2.4 5.8 

— 

— 

A* fi (11021) 

11021 

2.21 

0.65 

0.01 

0.08 

0.14 

0.01 

0.19 

1.18 


which is an important theoretical method in investigating 
various processes in the resonance region. Fig. 1(a) de¬ 
scribes the basic tree level Feynman diagrams for the pro¬ 
duction of A* g (4209) in K~p —> g c A reaction through s- 
channel. The background contributions are mainly from 
the f-channel K* meson exchange and rt-channel proton 
exchange, as depicted in Fig. 1(b). 


K- 


P 1 P3 

A^(4209) ^ ^ 



K~ P 


(b) 


FIG. 1: (Color online) Feynman diagrams for the K p —> r] c A 
reaction. 

Since the spin-parity (J p ) quantum number of 
A* g (4209) was determined to be | |l 1 4l3j , for the inter¬ 
mediate A* g (4209) (A* for short) resonance contribution 
in the s channel, we take the normally used effective La- 
grangians for KNA* and r] c AA* couplings as Eta, 


£kna* = 9 kna ,KA*N + h.c., (1) 

£t, 0 aa* = g Vc AA* A* Aric + h.c., (2) 


The coupling constant g KNA » and g VcAA » are determined 
by the partial decay widths of A* g (4209), 
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( 6 ) 
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( 8 ) 


where A is the Kdllen function with A(a:, y,z) = (x — y — 
z) 2 — Ayz. Using the predicted partial decay widths of 
A* g (4209) U E2 as listed in Table I, one gets g KNA , = 
0.369 GeV” 1 and g vcAA , = 0.557 GeV -1 . 

For the t-channel K* meson exchange, the effective 
Lagrangian for the K*Kr] c coupling is 

£k*Kt, c = ig^Kn^iVcd^K - Kd^rjc) + h.c., (9) 

where the isospin structure for K*Kr] c is K* Kr/c with 

K* = K = ( K r \ . (10) 


With the partial decay width < 32.2 x 1.28% 

(MeV)0, one obtains the upper limit of constant cou¬ 
pling: = 0-203 GeV -1 . 

The effective Lagrangian for K*NA vertex is 

Ck*na = -gK^NAA^K^-^^a^d v K^)N+h.c., 

Zmjsf 

(ii) 

where the values of gn*NA and k k* n a were given in 
many theoretical works. In refs.jl91.l20l]. two sets of these 
coupling constants are obtained by the potential model, 
namely, 


9K-NA = —4.26, Ajr* n a = 2.66, 

9K-NA = —6.11, Ajr* n A = 2.43. (12) 

Besides, one notice that the experiment datas for the 
K~p —> 7t°A process were produced very well by taking 
gx*NA = -6.11 and gK*NA-KK*NA = —11.33 in ref. [2l[. 
In this work, we take gn*NA = —6.11 and k,k*na = 1-85 
in order to obtain a more accurate estimates. 

For the u-channel nucleon exchange, the effective La- 
grangians for KNA and p c AfN couplings are 

Ckna = 9KNA N'f l5 Ad lt K + h.c., (13) 

TO at + m A 

C Vc nn = g ncNN N l5 r] c N + h.c., (14) 
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where gKNA = —13.24 are estimated from flavor SU(3) 
symmetry relations [2l| - |23i |. The coupling constant g NN 
is determined from the partial decay widths of r/ c , 


Vc^PP 


p ~~ id,, c nn) 


I P 


87 r 


(15) 


with 


where i denotes the s-, t-, or u-cliannel process that con¬ 
tribute to the total amplitude, while u r2 (P 4 ) and u ri (p 2 ) 
are the spinors of the outgoing A baryon and the initial 
proton, respectively. 

We define s = (p\ + P 2) 2 = W 2 , then the unpolarized 
differential cross section for the K~p —> r/ c A reaction at 
the center of mass (c.m.) frame is given by 


|p c ' m 1 = 



(16) 


da 

d cos 9 


1 |p 3 cm 'l 

32t rs | pf -™-1 



(23) 


where \p c ' m '| is three momentum of nucleon in the rest 
frame of r] c meson. With Y Vc ^ p p = 49.1 keV one 
obtain g VcNN = 3.26 x 10 -2 GeV -1 . 

Considering the internal structure of hadrons, a form 
factor is introduced to describe the possible off-shell ef¬ 
fects in the amplitudes. For s and u channels, we adopt 
the following form factors as used in refs. |T§, I2J EgUm] , 

Ta,u[qlx) = k /u + {£-Mir (17) 

while for the t-channel, we take 


A 2 — M 2 

? mi x ) = : 2 _ “ (is) 

Vex 

where q ex and M ex are the four-momenta and the mass of 
the exchanged hadron, respectively. The values of cutoff 
parameters A (A S ,A„ and A t ) will be discussed in the 
next section. 

For the propagators with four-momenta q ex , we adopt 
the Breit-Wigner form [3, [13] 


G A *(g e x) = *-n- 

dex 


lex + T/a* 

— + *m a . r A* 


(19) 


where 9 denotes the angle of the outgoing p c meson rel¬ 
ative to beam direction in the c.m. frame, while Pi ' m ' 
and p 3 c ' m ' are the three-momenta of initial K~ and final 
7y c , respectively. Therefore, the total invariant scattering 
amplitude A4 is written as, 

M = Mf +M?' +M%- (24) 

It is important to note that in phenomenological ap¬ 
proaches, the relative phases between different ampli¬ 
tudes are not fixed. Since we do not now have exper¬ 
imental data, and we will see in the following that the 
magnitudes of signal and background contributions in the 
energy region that we considered are much different, the 
effect of the interference term should be small. Thus we 
take all the relative phases as zero in the present work. 


III. RESULTS AND DISCUSSION 

With the formalism and ingredients given above, the 
total cross sections for the K~p —»• rj c A reaction are cal¬ 
culated. Since the cutoff parameter A related to the form 
factor is the only free parameter, we first need to give a 
constraint on the value of A. 


for the superheavy baryon A* g (4209), where T A . is the 
total decay width of A* g (4209) state. 

For the K* in the f-channel, we take the propagator as 


Gk- (qex) = i 


-9^ 


dexdex 


/Ml. 


Qex - M 2 k , 


( 20 ) 


where p, and v denote the polarization indices of vector 
meson K*. 

For the nucleon propagator, we take 


G N (q 2 ex) 


. lex + Mn 

1 eft _ M 2 

dex 1V1 N 


( 21 ) 


With the Feynman rules, the invariant scattering am¬ 
plitude for the K~(pi)p(p 2 ) —>• p c (p^)A(p 4 ) reaction as 
shown in Fig. 1 can be constructed as, 



W (GeV) 


Mi = U r2 (p4)Au ri (p 2 ) 


— Cr 2 ( P4 ) 



U ri (P2), 


FIG. 2: (Color online) The cross section for the production of 
A* s (4209) through s-channel with the different typical cut-off 
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FIG. 3: (Color online) (a): The cross section for the K~p -4 
r/ c A reaction from the K* and nucleon exchange contributions 
with the different values of cutoff parameters A t / U . (b) stand 
for the comparison of background cross section from t-channel 
with K* exchange and rt-channel with nucleon exchange. 


From fig. 2 one notice that the cross section from the 
signal contributions is not sensitive to the values of cutoff 
A s , especially at the center of mass energy W ~ 4.2 GeV, 
which is due to the fact that the form factor for A* g (4209) 
is close to 1 with the invariant mass W around 4.2 GeV 
in the present calculation. Thus we constrain the cutoff 
to be A s = 2.0 GeV as used in ref [lf|, which will be used 
as an input in the following calculations. 

Fig. 3(a) present the variation of cross section from 
the background contributions for K~p —> p c A reac¬ 
tion with five typical A t / U values (namely, A t = A u = 
1.0,1.5, 2.0, 3.0, 3.5 GeV). It is seen that the cross section 
of background reach up to its maximum value when tak¬ 
ing A t / U = 3.0 GeV, while the cross section of background 
began to get lower when taking A t / U = 3.5 GeV. In the 
spirit of seeking a larger limit for the cross section of the 
background, we take A t / U = 3.0 GeV in our estimation 1 , 



W (GeV) 

FIG. 4: (Color online) The total cross section for the K~p —>- 
r/ c A process. Here, the orotai is the total cross section, while 
a a* , ok * and on stand for the cross section come from the 
A* s (4209), K* and nucleon exchange, respectively. 


which may ensure a reliable estimation on whether the 
signal of A* g (4209) can be distinguished from the back¬ 
ground. Moreover, fig. 3(b) show that the t-channel 
with K* exchange play dominant role in the background 
production and the contributions from ■u-channel with 
nucleon exchange is very small. 

Fig. 4 present the total cross section for K~p —> rj c A 
reaction including both signal and background contribu¬ 
tions by taking A s = 2.0 GeV and A t = A u = 3.0 GeV. 
One notice that the line shape of the total cross section 
goes up very rapidly and has a peak around W ~ 4.2 
GeV. In this energy region, the cross section from the in¬ 
termediate A* g (4209) exchange is two order larger than 
that from the background related to the I\* and nucleon 
exchange, which indicate that the signal can be clearly 
distinguished from the background. Accordingly, we con¬ 
clude that W ~ 4.2 GeV is the best energy window of 
searching for the A* g (4209) baryon via K~p collision. 

Considering the final state r] c is a resonance and usu¬ 
ally detected by its decay modes (such as KKtt et al.), 
it is important to give an estimation about the ratio of 
o(K~p —> r/ c A —> KKnA)/o(K~p —> KKtt A). As pre¬ 
sented in fig. 4, the cross section of A* g (4209) is on the or¬ 
der of 110 p,b around center of mass energy W ~ 4.2 GeV. 
Using the branching ratio BR(r] c — > KKtt) = 7.3%, we 
obtain the cross section o{K~p — > rj c A —> KKttA) ~ 8 
p,b at W ~ 4.2 GeV. For the total cross section of the 
K~p — >• KKttA process, several experiment datas are 


In our previous work [28| , we have concluded that the total cross 
section of pp —» J/tlm 0 by exchanging the nucleon pole are con- 
1 It should be noted that the K~p -4 r/ c A reaction through K* sistent with the E760 and E835 data by taking cut-off parameter 

and nucleon exchange is an OZI forbidden process, which is sim- An = 1-9 and 3.0 GeV, respectively. Thus it is reasonable to 

ilar with the process of pp -4 J/tpir 0 with nucleon pole exchange. constrain the value of A t / U to be 3.0 GeV in the present work. 
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TABLE II: The cross section for the K p —> KKttA process 
at different beam momentum. 


Reaction P; a i, (GeV/c) Cross section (pb) 

K~p ->• tt u K + K- A 2.58 

4.5 

4.20 

84 

K~p tt u 2/\ u A GO 

39 

6.5 

39.3 

K~p -> n~K + K u A 4~25 

25.2 

14.3 

13 


available [29], which are listed in table II. 

In K~p system, center of mass energy W ~ 4.2 GeV 
corresponds to I\ beam momentum of Pi a b ~ 8.8 GeV. 
Thus we estimate that the total cross section of K~p —> 
KKttA is on the order of 40 ~ 80 pb at Pi a b — 8.8 GeV. 
Accordingly, we get the ratio at W ~ 4.2 GeV as follows, 


<j{K p —> r]c A —> KKttA) 
a(K~p —> KKnA) 


20 %. 


As mentioned above, the J-PARC facility is an idea 
platform searching for the predicted A* g (4209) baryon 
via K~p scattering [h|. Assuming the acceptance of 
K~p —»• KKnA reaction at J-PARC is about 50% fl6| . 
one can expect about 4 x 10 5 ~ 8 x 10 s events per day 
for the production of KKttA at W cs 4.2 GeV, in which 
about 8xl0 1 2 3 4 5 6 7 events per day are related to the A* g (4209). 


We also present the differential cross section for 
K~p —>• p c A reaction including both signal and back¬ 
ground contributions at different energy, as shown in fig. 
5. It is seen that the differential cross section of back¬ 
ground are sensitive to the 9 angle and gives a consider¬ 
able contribution at forward angles. Besides, one notice 
that the shapes of the s-channel A* g (4209) and the back¬ 
ground are much different, which can be tested in future 
experiment. 


and it-channel with nucleon exchange are also considered, 
which are regarded as the background for the A* g (4209) 
production in the K~p —> r/ c A reaction. 

The numerical results indicate: 

(i) An obvious peak appear in the total cross sec¬ 
tion of K~p —> r] c A reaction near the threshold 
of A* g (4209) when the s-channel with intermedi¬ 
ate A* g (4209) are included. The cross section from 
the intermediate A* g (4209) exchange is two order 
larger than that from the background around cen¬ 
ter of mass energy W ~ 4.2 GeV, which means it 
is feasible to searching for the predicted A* g (4209) 
baryon via the K~p —>• r/ c A reaction. 

(ii) The f-channel with K* exchange play dominant 
role in the background production and the contri¬ 
butions from n-channel with nucleon exchange is 
very small. Besides, the differential cross section of 
background are sensitive to the 8 angle and gives a 
considerable contribution at forward angles. 

(iii) In the best energy window of W ~ 4.2 GeV, the 
signal can be clearly distinguished from the back¬ 
ground, while there will be a sizable number of 
events related to the A* g (4209) produced at J- 
PARC facility. 

As a final note, the near future experiment at COM- 
PASS@CERN [30] will also be enough to check our pre¬ 
dictions. Thus we suggest that this experiment be carried 
out at the above experimental facilities, which not only 
helps in testing the existence of the A* g (4209) baryon 
but also provides important information for better un¬ 
derstanding of the production mechanism of the exotic 
baryons. 
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